the Philips relation (∆m 15 (B) 1.3). Bi-modality is naturally expected from direct collisions of white dwarfs (WDs) due to the detonation of both WDs and is demonstrated in a 3D 0.64M ⊙ -0.64M ⊙ WD collision simulation.
Type Ia supernovae (SNe Ia) are well known as the cosmological "standard candles" that enabled the discovery of the accelerating expansion of the universe (1, 2) . The absolute luminosities of these events are calibrated thanks to a tight empirical correlation (the Phillips relation (3)) between their peak luminosities and the rates at which their brightnesses decline after the peak (∆m 15 (B)). It is widely accepted that SNe Ia are powered by the decay of 56 Ni produced from the explosion of Carbon-Oxygen White Dwarfs (WDs), but the explosion mechanisms and progenitor systems remain unknown. The two most discussed scenarios, single-degenerate (accretion of a WD exceeding the Chandrasekhar limit) and double-degenerate mergers (merger of two close WDs that spiral in due to gravitational radiation), have a number of theoretical and observational challenges (4, 5) . For both scenarios, a serious challenge is that a successful ignition of an explosive detonation has never been convincingly demonstrated.
Direct, head-on collisions of WDs would undoubtedly lead to successful explosions due to the strong shocks formed during the high-velocity impacts (6-11), but they had long been thought to be extremely rare -only occurring in dense stellar environments such as globular clusters -and responsible for only a negligible fraction of SNe Ia. 1 It was recently shown by Katz & Dong (13) A general challenge in interpreting the SNe line profiles is that many spectral features are the results of "blends" from more than one line at similar wavelengths. A reasonable concern is that an observed doubly-peaked line profile could be due to two (or more) adjacent lines within an underlying single-peak velocity distribution. Several lines of evidence show that this is not the case for SN 2007on, so that the profile requires a bi-modal velocity distribution:
1. The doubly-peaked line profiles occur for three widely-separated spectral features emitted by two elements (Co and Fe), and they have the same peak-to-peak spacing ∆λ/λ ≈ 0.02. Furthermore, the shapes of the three observed profiles are consistent with the same underlying velocity distribution. This is demonstrated in the bottom panel of Figure 1 , where the spectra in three regions are shown to be well fitted by the convolution of a . 3 In order to identify doubly-peaked lines, we attempt to fit each of them using a simple, single-peak velocity convolution kernel
The spectra and best fits are shown in Fig. 2 . The Fe and
Co features of most SNe can be well described by a single-peak velocity distribution. We iden- 
Supplementary material

Two-component velocity convolution kernel for fitting of the doubly-peaked line profiles
Each of the 4 SNe with a doubly-peaked or flat-top line profile was fitted in Figure 3 by convolving a velocity kernel of two components with a template spectrum (SN 1999by) . The kernel is given by
and it has 5 free parameters, including the two shifts v shift,1,2 , the two widths v mod,1,2 and the peak ratio of the components, r. The shifts can be alternatively described as a velocity shift
The fit parameters for models presented in Figure 3 are given in the table below. 56 Ni mass is concentrated in two well separated components, which are related to the two ignition spots in the two WDs. The resulting line of sight velocity distributions that are observed at numerous viewing angles are shown in the bottom left panels (blue). The viewing direction is described by spherical coordinates with θ the polar angle measured with respect to the z axis (direction of the angular momentum) and φ is the azimuthal angle in the x − y plane, measured with respect to the x axis. The resulting velocity distribution can be directly compared to the line profiles near 5900Å , which is a "clean" [CoIII] line with minor blend at the red side. The observations are shown in velocity space, v = c(λ − 5900Å)/5900Å for several SNe shown in Fig. 2 .
